Objective: The objective of the present study was to evaluate energy intake (EI) estimated from two nonconsecutive 24-hour recalls (24-HDRs) and a pre-coded seven-day food record (7-dFR) against objective measurements of energy expenditure (EE) in children. Design: A total of 67 7Á8 year-olds and 64 12Á13 year-olds completed the 2 )24-HDRs, the 7-dFR, and wore ActiReg † (PreMed AS, Oslo, Norway), a combined position and motion recording instrument, during the same seven days as the 7-dFR was filled in. Results: In the 7Á8 year-olds, EI from the 2 )24-HDRs (EI 2)24-HDR ) was overestimated with 3% compared to EE (not significantly different), while EI from the 7-dFR (EI 7-dFR ) was underestimated with 7% compared to EE (P00.001). In the 12Á13 year-olds, the corresponding figures was underestimation by 10% with the 2 )24-HDRs (PB0.001) and by 20% with the 7-dFR (PB0.001). For both age groups combined, the 95% limits of agreement were (4 ×38 and 3.52 MJ/d for the 2 )24-HDRs, and (5.90 and 2.94 MJ/d for the 7-dFR. Pearson correlation coefficients between EI and EE were 0.51 for EI 2)24-HDR and 0.29 for EI 7-dFR , respectively. The proportion classified in the same or adjacent quartiles was 76% for EI 2)24-HDR and 73% for EI 7-dFR in the 7Á8 year-olds, and 83% for EI 2)24-HDR and 70% for EI 7-dFR in the 12Á13 year-olds. Conclusion: Misreporting of EI seemed modest with both the 2 )24-HDRs and the 7-dFR in the 7Á8 year-olds when compared to EE measured with ActiReg † . Under-reporting appeared to be more evident in the 12Á13 year-olds, especially with the 7-dFR. Compared to measurements of EE, the 2 )24-HDRs seemed to perform slightly better than the 7-dFR in terms of ranking of individuals according to EI.
I
n nutritional epidemiology it is essential to have dietary assessment methods that are valid and feasible for use in large studies. Still, there is no dietary assessment method that is widely accepted as the best choice for such surveys in children, and further development of cost-effective methods is needed (1) .
Misreporting of dietary intake is a common problem with dietary assessment methods in both children and adults (2, 3) . This bias is of concern for the evaluation of food and nutrient intakes as well as for the assessment of associations between dietary intake and health.
Evaluation of new dietary assessment tools is therefore required to reveal the extent of potential misreporting. This is often performed by relative validation comparing the new tool against another dietary assessment method, and/or by comparing energy intake (EI) with objective measurements of energy expenditure (EE). Doubly labelled water (DLW) is considered to be the gold standard reference method for validation of measurements of EI (4) . However, the cost and requirements of highly specialised equipment with the DLW method precludes its use in many studies, and more feasible and cost-effective ways of measuring EE, such as the use of physical activity monitors, must be applied instead.
One of the main objectives of the EFCOVAL (European Food Consumption Validation) study was to develop and evaluate a trans-European methodology to be used for estimating the intake of foods, nutrients and potentially hazardous chemicals in representative dietary surveys in children (5) . According to the EFCOVAL study, the method suggested for children, 7Á14 years of age, was the use of two non-consecutive 24-hour recalls (24-HDRs), using the EPIC-Soft computer program, combined with a food recording booklet (6, 7) . A relative validation of the suggested 2)24-HDR method was performed against the seven-day pre-coded food record (7-dFR) used in the Danish National Survey of Dietary Habits and Physical Activity 2003Á2008. Results from this study are presented elsewhere (8) .
The objective of the present study was to compare estimated EI from the 2)24-HDRs and the 7-dFR, by comparison with EE measured by use of ActiReg † (PreMed AS, Oslo, Norway), a combined position and motion recording instrument, in Danish children aged 7Á8 years and 12Á13 years.
Methods

Participants
Participants in the age of 7Á8 years and 12Á13 years were recruited through the Central Office of Civil Registration, using a random sample, stratified by age, from the Capital region of Denmark. An invitation letter was sent to a total of 1,900 children and their parents, of which 170 responded. Of these, 22 responded too late and nine dropped out. Additionally six children were recruited through worksites to ensure the target sample size. Children and parents, who volunteered to participate, were contacted by telephone and received further written information about the study. Written informed consent was obtained from a parent of each child prior to their participation.
Study design
The data collection took place between August 2008 and April 2009. Participation included completion of two non-consecutive 24-HDRs, a pre-coded 7-dFR and objective assessment of EE by use of ActiReg † during the same seven days as the 7-dFR was filled in. A flow chart of the measurements of dietary intake and energy expenditure is presented in Fig. 1 . Trained interviewers visited the participants at their homes and conducted the 24-HDRs on two scheduled visits. The recalls were aimed to be separated by around 4 to 6 weeks. The mean number of days between the two 24-HDRs was 36 days (range 21Á83) for the 7Á8 year-olds and 39 days (range 28Á76) for the 12Á13 year-olds. All days of the week were randomly assigned for both recalls in order to obtain an equal representation of weekdays at group level. Anthropometric measurements were made after the recall at the first visit. After the recall at the second visit, participants were provided with detailed instructions on how to fill in the 7-dFR and how to use ActiReg † during the seven-day recording period. The recordings were started on the following day. Participants were instructed to report all food items consumed on the days with dietary intake assessment and to maintain their usual eating and activity patterns. For each participant, a minimum of four valid days with concurrent measurements from the 7-dFR and ActiReg † was required for inclusion in the analyses. The study was approved by the Ethical Committee of the Municipalities of Copenhagen and Frederiksberg and by the Danish Data Protection Agency. 
24-hour recalls
The 24-HDR method were based on face-to-face computer-assisted interviews using the standardised recall interview program EPIC-Soft (7), and comprised of four main steps:
(1) General information (non-dietary); (2) Quick list (chronological list of consumed foods without quantification); (3) Description and quantification of foods and recipes; (4) Quality controls at the nutrient level.
One of the parents was present during the interviews and assisted with supplementary information when necessary (description of food intake, information about recipes, cooking methods etc.). The EPIC-Soft version employed was a country-specific version, updated prior to the study in order to cover new food items and to meet the specific requirements of this study. Participants received a food recording booklet for the children to take to school or to other places outside of the home on the days of assessment, i.e. the day before each 24-HDR. If relevant, proxy persons (school staff, day care staff, or others) were contacted in advance and asked to help the children with the booklet. The quantities of foods consumed were estimated from predefined household measures (cups, spoons, slices, etc.) or photos from the EPIC-Soft picture book. In addition, some country specific picture series on candy, rye-and wheat bread, and fat and filling on bread was used. The mean EI/day from the 2)24-HDRs (EI 2)24-HDR ) was calculated for each individual using the EPIC-Soft software and the Danish Food Composition Databank (version 7; Søborg; Denmark; December 2008, www.foodcomp.dk).
Pre-coded food record Dietary intake was recorded every day for seven consecutive days in food records with pre-coded response categories, which included open answer options. The parents were responsible for completing the 7-dFR and deciding to what extent their children were capable of assisting. The 7-dFR, which was identical to the dietary assessment method used in the Danish National Survey of Dietary Habits and Physical Activity 2003Á2008, was organised according to the typical Danish meal pattern (breakfast, lunch, dinner and in-between meals). Each meal was divided into sections with headings such as beverages, bread, spreadable fats, meat and vegetables to make it easier to find and record the relevant foods, dishes and beverages (9) . For food items not included in the 7-dFR, the participants wrote type of food and portion size in open-answer categories. The quantities of foods consumed were given in predefined household measures (cups, spoons, slices, etc.) or estimated from photos of various portion sizes. Participants also received a food recording booklet for the children to take to school or to other places outside of the home on the days of assessment. Data were scanned using The Eyes & Hands program (version 5.2, 2005; Readsoft Ltd, Milton Keynes, Buckinghamshire, UK). The mean EI/day from the 7-dFR (EI 7-dFR ) was calculated for each individual using the software system General Intake Estimation System (GIES) (version 0.995a, released 26 In the present study mean EE/day was calculated for each individual by the ActiCalc † program using estimated basal metabolic rate (BMR). Estimates of BMR were calculated from equations, based on age, gender, height and weight (11) . Participants were instructed to carry ActiReg † for seven consecutive days during all waking hours except during activities in water, such as swimming, showering, etc., and if needed, during high contact sports. During the night when the children were sleeping, the ActiReg † equipment was taken off and placed in a horizontal position as this mimics the recording of lying still. If the monitor was taken off for a period of 15 minutes or more during daytime, the participants were instructed to record the duration and type of activity performed. A major part of the non-wear time was due to sports activities and subsequent showering and changing clothes. EE during nonwear time was therefore estimated as corresponding to an average activity level of moderate intensity (MET 1 03). To ensure that the majority of the waking hours was recorded, limits on total wear time and non-wear time were applied. Thus, if ActiReg † was not carried for three hours or more during daytime, and/or total wear time was less than 10 hours per day, the day was omitted from analysis (12, 13) . Anthropometric measurements Height and body weight were measured twice in all participants and the mean values were used. Participants were weighed without shoes in light indoor clothing to the nearest 0.1 kg on a digital personal scale (Soehnle Verona 63686, Quattrotronic scale). Height was measured without shoes to the nearest cm with an ultrasonic height measuring device (Soehnle S20).
Definition of acceptable reporters and misreporters
The accuracy of the recorded EI was assessed using the confidence limits of agreement between recorded EI and EE at the individual level (14) . Participants were classified as acceptable reporters, under-reporters, or overreporters according to whether the individual's EI:EE ratio was within, below or above the 95% confidence limits of agreement between the two measurements (15) . The 95% confidence limits of agreement between EI 2)24-HDR or EI 7-dFR and EE were calculated as:
Here d is the number of days of assessment, and CV EI and CV EE are the pooled mean coefficients of variation in EI (by 2)24-HDRs or 7-dFR) and EE, respectively. For the 2)24-HDRs, the number of days was two. To account for the varying number of days (four to seven days) for the food record and the ActiReg † measurements, the mean number of days (6.2 days) was used.
Statistics
Sample size calculation was based on results from two previous studies, where ActiReg † was used to validate a pre-coded food record in children (16, 17) . The SD of the mean difference between EE measured with ActiReg † and EI assessed with the food diary was 2 MJ. With a significance level of 0.05, and a power of 80%, 34 participants of each gender were needed in each age group to be certain of detecting a mean difference between EE and EI of 1 MJ.
Data of EI and EE were approximately normally distributed. Differences between EI and EE for groups of children and between the age groups and genders were analysed using paired and unpaired t-tests, respectively. Pearson's correlation coefficients were calculated between EI and EE. Agreement between measurements of EI and EE was visualised using the Bland Altman method of agreement analysis (18) . Agreement on category level between EI and EE was examined by classification of EI into quartiles.
The method of triads was used to calculate validity coefficients between the unknown 'true' EI and EI estimated by the 7-dFR, EI estimated by the 2)24-HDRs and EE, respectively (19) . If Q, R and M denote the measurements from the 2)24-HDRs, the 7-dFR and ActiReg † respectively, and T denotes the unknown 'true' EI, the validity coefficients can be calculated as follows:
where r QR is the correlation between the 2)24-HDRs and the 7-dFR, r QM the correlation between the 2)24-HDRs and the ActiReg † , and r RM is the correlation between the 7-dFR and ActiReg † . This method assumes that the random measurement errors of the three methods are uncorrelated and that there is a positive linear association between each measurement and the true unknown value (19) . The 95% confidence intervals for the validity coefficients were estimated using bootstrap sampling where 10,000 samples of equal size (i.e. the number of participants in the respective age group) were obtained by random sampling with replacement (19) . The low number of subjects in each age group precluded the analysis being undertaken separately for each age group.
Differences between the two dietary assessment methods in the proportion of children classified as acceptable reporters, under-or over-reporters, respectively, were tested with the Stuart-Maxwell test. Multiple linear regression analyses were performed for each dietary assessment method with EI:EE as the dependent variable, and age, gender, BMI and parental educational as independent variables. Statistical differences were considered significant at P B0.05. Data were analysed with SPSS version 19.0 for Windows (SPSS Inc., Chicago, IL, USA) and R statistical software 2.9.1 (R Development Core Team, 2009 (http:// www.r-project.org)).
Results
Study population
A total of 75 children aged 7Á8 years and 70 children aged 12Á13 years participated in the study. Data from 14 children were omitted; 12 of these due to invalid ActiReg † measurements, one due to illness during the recording period, and one with less than four completed days of the 7-dFR. Thus, complete records for 67 children aged 7Á8 years and 64 children aged 12Á13 years were analysed. Among these, 81% of the 7Á8 year-old children and 78% of the 12Á13 year-old children had six or seven days with data both from the 7-dFR and ActiReg † . For 94% of the children, at least one week- end day was included with the 7-dFR. At group level, a fairly equal representation of all days of the week was obtained with both dietary assessment methods for both age groups (data not shown). Mean wear time of the ActiReg † was 12.790.6 hours/day for the 7Á8 year-old children and 14.090.7 hours/day for the 12Á13 year-old children. Characteristics of the participants are presented in Table 1 for each age group.
Differences between EI and EE
In the group of 7Á8 year-old children, there was a significant difference between EI 7-dFR and EE (P 00.001) but not between EI 2)24-HDR and EE (Table 2 ). In the 12Á13 year-old children, both EI 2)24-HDR and EI 7-dFR differed significantly from EE (EI 2)24-HDR : P B0.001; EI 7-dFR : PB0.001). In the 7Á8 year-olds, EI 2)24-HDR was 3% higher and EI 7-dFR 7% lower than EE. In the 12Á13 year-olds, EI 2)24-HDR was 10% lower and EI 7-dFR 20% lower than EE. EE and EI 7-dFR were significantly higher among boys than girls in both the 7Á8 year-olds (EE: P 00.005; EI 7-dFR : P 00.049) and the 12Á13 year-olds (EE: P B0.001; EI 7-dFR : P 00.002). EI 2)24-HDR was also higher among boys in the group of 12Á13 year-old children (P 00.011). However, the absolute differences between estimates of EI and EE, as well as the EI:EE ratios, did not differ between gender within each age group.
Agreement between EI and EE
The Pearson correlation coefficients between EI and EE were 0.29 for EI 7-dFR and 0.51 for EI 2)24-HDR for both age groups combined. Bland-Altman plots showing the individual differences between values of EI and EE against the mean of EI and EE are presented for each age group and dietary assessment method in Fig. 2 . The 95% limits of agreement were (2.42 and 2.93 MJ/d for the 2)24-HDRs and (3.56 and 2.32 for the 7-dFR in the 7Á8 year-olds, and Á5.69 and 3.39 MJ/d for the 2)24-HDRs and (7.36 and 2.59 MJ/d for the 7-dFR in the 12Á13 year-olds. For both age groups combined, the 95% limits of agreement were (4.38 and 3.52 MJ/d for the 2)24-HDR and (5.90 and 2.94 MJ/d for the 7-dFR. The plots illustrate large variation in the degree of misreporting at individual level, and under-reporting as well as over-reporting was observed with both methods. The proportion of individuals correctly classified in the same quartile for both EI and EE are presented in Table 3 . Using the method of triads for both age groups combined, the validity coefficient was of 0.81 (95% CI: 0.9 (0.52) for EI 2)24-HDR and 0.46 (95% CI: 0.08Á0.50) for EI 7-dFR .
Proportions of acceptable reporters, under-reporters and over-reporters
The 95% confidence limits of agreement for the ratios EI 2)24-HDR :EE and EI 7-dFR :EE, defined acceptable reporters by having an EI:EE ratio within the range of 0.75Á1.25 for the 2)24-HDRs and 0.77Á1.23 for the 7-dFR. The proportions of acceptable reporters, under-reporters and over-reporters with each dietary assessment method are presented in Table 4 . No differences between genders were observed. The proportion of children classified as acceptable reporters, underreporters and over-reporters differed significantly between methods (7Á8 year-olds: P 00.005; 12Á13 yearolds: P 00.015).
Associations between EI:EE and background characteristics
In multiple linear regression models with EI:EE as the dependent variable, and age, gender, BMI and parental educational level as independent variables, age remained significantly associated with EI 2)24-HDR :EE (P 00.006), whereas BMI remained significantly associated with EI 7-dFR :EE (P B0.001). When entered one-by-one in the multiple linear regression model, BMI and age were significantly associated with EI:EE for both dietary assessment methods (P B0.001).
Discussion
In the 7Á8 year-old children, a modest misreporting was observed with both methods, as EI was 3% higher than EE with the 2)24-HDRs and 7% lower than EE with the 7-dFR. Under-reporting seemed more pronounced in the group of 12Á13 year-old children, where EI was 10% lower than EE with the 2)24-HDRs and 20% lower than EE with the 7-dFR. The tendency towards increasing under-reporting with increasing age from childhood to adolescence is well known, and the assessment of dietary intake in older children and adolescents is recognised as particularly challenging (2, 20) .
The degree of misreporting of EI in the present study is generally in accordance with findings from several other validation studies of multiple 24-HDRs and precoded food records in children, using doubly labeled water as a reference method (2, 20Á23). Moreover, overreporting has been found to be more often associated with 24-HDRs than with food records (3).
In two validation studies among Norwegian 9 yearold and 13 year-old children, EI estimated from precoded food records was also evaluated against EE estimated with ActiReg † (16, 17) . The authors observed that under-reporting of EI was somewhat higher than in the present study, i.e. 18% in the 9 year-olds and 24Á34% in the 13 year-olds. Hence, the proportions of children classified as UR with the food record were larger in these Norwegian studies than in the present study. The high *Mean values for EI 2)24-HDR were significantly different from EE in the group of 12Á13 year-olds (P B0.001).
$Mean values for EI 7-dFR were significantly different from EE in the group of 7Á8 year-olds (P00.001) and 12Á13 year-olds (PB0.001). degree of under-reporting in the two Norwegian studies might partly be related to the use of a school class setting, which, in contrast to the present study, may have caused the children to become more physically active because of competition with each other. Both the 2)24-HDRs and the 7-dFR had a high ability to rank subjects in correct and adjacent quartiles in both age groups. Moreover, the 2)24-HDRs appeared to perform slightly better in ranking of individuals. As illustrated in the Bland-Altman plots, large variation at the individual level occurred in both age groups. However, accuracy at the individual level is generally poor in validation studies of EI (2) . Furthermore, since the use of objective measurements of EE as a reference for evaluation of EI measurements is based on the assumption of energy balance, exact agreement between EI and EE at the individual level is unlikely during a short recording period due to normal day-to-day variation in both EI and EE (14) .
In studies like the present one, where data from a dietary assessment method, a reference method and a biomarker, or another objective method is available, the method of triads can be used. This method is a triangular approach that uses the correlations between each of the three methods to estimate a validity coefficient (VC). This coefficient expresses the correlation between reported intake and the unknown 'true' intake (19) . In accordance with the other analyses from the present study, the higher validity coefficients of EI 2)24-HDR (VC: 0.81) than of EI 7-dFR (VC: 0.46) indicated that EI was closer to the unknown 'true' value when estimated with the 2)24-HDRs than with the 7-dFR. The method of triads assumes that the random measurement errors of the three methods are uncorrelated, however, it must be recognised, that some degree of correlation cannot be ruled out between the two dietary assessment methods. A possible reason for why reported EI was higher with the 2)24-HDRs than with the 7-dFR, is that the design with a comprehensive interview incorporates a great effort in collecting every detail of the dietary intake. This includes a thorough question technique using systematic probing questions and a personal contact with the interviewer during the recalls, which may help both children and their parents in reporting all relevant information and in keeping their motivation high.
Although these aspects of the recalls may have several advantages, social desirability is a prominent source of bias in dietary assessment that may be enhanced by the personal contact with an interviewer and thus have more influence on the reporting with the 2)24-HDRs than with the 7-dFR (25, 26) . Both children's self-reported dietary intake as well as their actual intake may be biased by the awareness of the reporting. Moreover, parents may wish to appear as having good parenting skills and let this influence the children's food intake on reporting days. With both methods, participants knew in advance which days the dietary intake was going to be reported. As it may be easier to keep a more socially desirable diet on two non-consecutive days than during seven consecutive days, modification of the children's dietary intake might have been more likely with the 2)24-HDRs. This notion was supported by analyses of the nutrient and food intake, which showed a tendency for the participants to report a healthier diet with the 2)24-HDRs than with the 7-dFR, as discussed by Trolle et al. (8) .
Similar to findings from other studies (23, 27) , a tendency towards increasing underreporting with increasing BMI was observed. Understanding why and how misreporting occurs is complicated, and the psychosocial and behavioural aspects related to misreporting is difficult to assess (25) .
The reference method and the test method should preferably cover the same time period, however, this was only possible with the 7-dFR and not the 2 )24-HDRs. Due to the logistic difficulties of getting the ActiReg † to the participants before each recall, as well as the high participation burden, the EE measurements were obtained only on the same days as the food record was filled in. Recording over a week is often used to reflect the habitual behaviour in studies of dietary intake and physical activity (9) .
EE measurements in the present study was obtained by use of ActiReg † , as this was a validated method (10), which has been used to measure total EE in other validation studies in children (16, 17) . The ActiReg † system uses the combined recording of body position and movement to assess energy expenditure, and has demonstrated a close relationship at group level with DLW in young adults (10) . However, like other objective instruments used to measure EE in free-living subjects, ActiReg †
shows considerable variation at the individual level, and the use of ActiReg † has some limitations, including the ability to detect high intensity physical activity, arm work, carrying loads and water activities, while certain moderate intense physical activities such as walking and running slowly may tend to be overestimated (10, 28) . These issues might introduce a larger source of measurement error in children than in adults since the algorithms used, were initially developed for adults.
Strengths of the present study include that EE was measured with an objective method that is likely to have a minimum of correlated errors with the two dietary assessment methods. Moreover, the design allowed two dietary assessment methods to be compared with objective measurements of EE, which also enabled us to use the method of triads. The method of triads has been used in other studies for validation of nutrient intake and for validation of biomarkers for intake of different nutrients (29, 30) , but to our knowledge, use of the method of triads to compare EI from two different dietary recording methods with objective measurements of EE has not been presented before.
Given the heavy workload of the study, it must be recognised that the sample of participants are volunteers, higher educated than the general Danish population and most probably more motivated and health conscious than usual. (11) 23 (15) 42 (27) Over-reporters 6 (4) 3 (2) 6 (4) 0 (0) *Participants were classified as acceptable reporters, under-reporters, or over-reporters according to whether the individual's EI:EE ratio was within, below or above the 95% confidence limits of agreement between the two measurements. $Proportions were significantly different between methods (P 00.005). %Proportions were significantly different between methods (P 00.015).
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(page number not for citation purpose) . Under-reporting appeared to be more evident in the 12Á 13 year-olds, especially with the 7-dFR. Compared to measurements of EE, the 2)24-HDRs seemed to perform slightly better than the 7-dFR in terms of ranking of individuals according to EI.
